Background. Adults with disabilities often have worse health outcomes than do their peers without disabilities. While education is a key determinant of health, there is little research available on the health disparities across education levels among adults with disabilities in developing countries. We therefore examined the association between health outcomes and education among adults with disabilities in Shanghai, China. Methods. We used the health examination records of 42,715 adults with disabilities in Shanghai in 2014. Five health outcomes, including two diseases (fatty liver and hemorrhoids) and three risk factors (overweight [body mass index ≥ 24]), high blood glucose, and high blood lipid), were evaluated. Descriptive statistics and Pearson's chisquare test were used to assess differences in participants' demographic and disability characteristics. Pearson's chi-square test and Fisher's exact test were conducted to compare the prevalence of each health outcome among the different education levels. Finally, logistic regression analyses were conducted to explore the association between education and health outcomes after adjusting for sociodemographic characteristics. Results. People with an elementary school or lower degree had the highest prevalence of overweight (52.1%) and high blood glucose (20.8%), but the lowest prevalence of hemorrhoids (18.6%) and fatty liver (38.9%). We observed significant differences in the association between education and health outcomes across disability types. For example, in physically disabled adults, higher education was related to higher odds of hemorrhoids (p < 0.001); however, there were no significant disparities in hemorrhoids across the education levels among adults with intellectual disabilities. Discussion. Compared with people without disabilities, adults with disabilities in Shanghai have relatively poor health. The association between education and health outcomes differed according to the health condition and disability type. To reduce the prevalence rate of overweight and high blood glucose among people with disabilities, tailored health promotion initiatives must be developed for people with lower education levels. In contrast, specific attention should be paid to the prevention of hemorrhoids and fatty liver among more-educated people with disabilities. Our study provides
INTRODUCTION
The World Report on Disability has revealed that more than one billion people worldwideabout 15% of the total global population-live with some kind of disability (World Health Organization, 2011) . The number of people with disability will continue to rise as populations age, alongside the aggravation of chronic health conditions (World Health Organization, 2015; Cieza et al., 2018) . Because of this enormous population and the huge associated burden, disability is increasingly being regarded as a global public health burden, human rights issue, and societal priority (Troeger et al., 2018; Ramsey, Svider & Folbe, 2018) .
Individuals with disabilities tend to have poorer health, achieve lower education levels, have fewer economic opportunities, and have a higher likelihood of poverty than do individuals without disabilities. For example, individuals with mental disabilities have a risk of preventable death four to six times that of the general population (Harris & Barraclough, 1998) . Moreover, individuals with disabilities are three times as likely not to have access to health care and four times as likely to be treated poorly by the health care system (Bickenbach, 2011) . Disabilities, together with diverse barriers, can impede people's full and active involvement in daily life and social activities. Individuals with disabilities also often have unfulfilled health and rehabilitation needs and encounter difficulties in accessing mainstream health care services, which has in part led to their overall poorer health status and position as one of the most socially excluded populations in any society (Kirschner, Breslin & Iezzoni, 2007) .
Education is a significant determinant of health (Winkleby et al., 1992) . A positive correlation between education and health is an empirical regularity in the disciplines of public health, health education and health literacy studies, sociology, health economics, and in various multidisciplinary approaches (Higgins, Lavin & Metcalfe, 2008; Gase et al., 2017; Ross & Wu, 1995; Grossman, 2008; Han, 2017; Sen, 2002) . Each discipline has explained this correlation in a different way; in health economics, a higher level of schooling is related to the potential to earn a higher income, and thereby afford better health care (Albert & Davia, 2011) . In sociology, education is regarded as a source of socio-psychological resources, which protect against the factors detrimental to health (Ross & Wu, 1995) . In public health, individuals with higher terminal education are considered to be more likely to choose healthy habits (Rahkonen, Berg & Puska, 1995) . Therefore, the positive association between education and health can last for a lifetime after individuals complete their terminal degrees. Despite extensive research focused on the association between education and health among people without disabilities, few studies have examined the association in the disabled population, especially in developing countries. Without adequate information about the effects of education on health outcomes in this population, it is difficult to implement effective interventions to improve the health and quality of life of people with disabilities (Tomlinson et al., 2009) .
China has more than 1.3 billion people-about one-fifth of the world's population. According to the Sixth China National Census and the Second China National Sample Survey on Disability, around 85.02 million Chinese people live with some form of disability (China Disabled Persons' Federation, 2015) . The impact of western educational reforms, natural disasters, and more participation in the global economy has provided incentives for the Chinese government to start developing strategies and policies to satisfy the needs of individuals with disabilities (Zhang & Spencer, 2015) . For example, in 2017 the Regulations on Education for Persons with Disabilities were revised to vigorously promote inclusive and special education, including ''installing education in the home'' and establishing distance education for students who cannot go to regular schools (The State Council of the People's Republic of China, 2017) . In spite of these positive changes, the health status of different educational groups in the disabled population of China remains unclear.
Shanghai is the most developed city in China; it has a population of around 24.15 million and approximately 423,520 disabled people (Shanghai Bureau of Statistics, 2016) . The Shanghai Disabled Persons' Federation (SHDPF) is the local umbrella organization for persons with diverse disabilities. Since 2004, with the aim of improving the health status and quality of life of people with disabilities, the SHDPF has been organizing free annual health examination services for people with disabilities. Those who are voluntarily registered as disabled are eligible to receive health checkups in designated medical institutions every year. Routine health examinations are effective for the early detection and prevention of diseases, which could improve individuals' quality of life (Qian et al., 2017) . However, people with disabilities might undergo screening less frequently due to physical barriers, lack of qualified health care providers, and limited health information for persons with disability (McCarthy, 2014) . In light of the fact there are no studies specifically looking at health care access for persons with disabilities in China, a study in United States of America (USA) showed that women with disabilities were significantly less likely to receive pap smears than were women without disabilities (Welner, 1999) . This report highlighted the need to collect health information from people with disabilities. Hence, via their free health examination program, the SHDPF has been collecting much-needed surveillance information on the health status of people with diverse disabilities, which provides a unique opportunity to examine health disparities among the education levels in adults with disability. All the health examination records were exported to the Shanghai Disabled Persons' Rehabilitation Comprehensive Information Platform (SHDPRCIP). This surveillance system was established by the SHDPF to track the health and rehabilitation data of individuals with disabilities in Shanghai. Beyond the health examination records, socio-demographics, disability type and disability severity, which was evaluated by eligible medical doctors based on the International Classification of Functioning, Disability, and Health (ICF), were also collected.
This study aims to examine health disparities in China by comparing health outcomes of adults with disabilities versus those without disabilities and outcomes among disabled adults with different education levels. Our primary hypothesis was that more highly educated adults with disabilities would have better health outcomes. These findings can help assess the significance of these disparities and target interventions toward disabled adults across specific educational levels.
MATERIALS & METHODS

Data and study design
In this study, we selected all health data from SHDPRCIP on individuals aged 25 or older who received health examinations in 2014. If people underwent two or more examinations, we only used the most recent data. We limited the analyses to participants 25 years of age or older because education level is more stable thereafter ( Van der Heide et al., 2013) . All records with missing data for the variables of interest were excluded (n = 2,896). The disability types were classified as: visual, hearing, speech, physical, intellectual, mental, and multiple disabilities. However, in this study we combined the hearing and speech disability populations, as in the studies by Zheng et al. (2011) .
The annual health checkup included physical examination, diagnostic imaging, and laboratory tests. The physical examination consisted of basic measurements (e.g., height, weight, blood pressure) and organ checkups (e.g., eye, ear, nose, throat, lung, heart, liver, spleen, anorectum). The diagnostic imaging involved chest X-ray, electrocardiogram (ECG), and abdominal ultrasound scan (focusing on the liver, spleen, gallbladder, and pancreas). Finally, the laboratory tests involved routine blood tests, blood biochemical tests, routine urine tests, and immunological tests. During the checkup, a medical practitioner in each department initially gathered preliminary results. Subsequently, all data obtained from the checkup, including the laboratory test results, were integrated and the principal doctor provided the final report to the person with disability.
The institutional review board (IRB) of the Fudan University School of Public Health (IRB #2015-08-0563) approved this study, and prior approval was obtained from the SHDPF about the use of the data in SHDPRCIP.
Measures
Dependent variables
Two diseases (fatty liver and hemorrhoids) and three risk factors (high blood glucose, overweight, and high blood lipids) were selected as dependent variables to reflect the health outcomes of adults with disabilities.
The two diseases were classified using the Tenth Revision of the International Classification of Diseases (ICD-10), with the code K76.0 for fatty liver and I84 for hemorrhoids (Groenen et al., 2007; Peery et al., 2015) . Hemorrhoids and fatty liver are two of the highest prevalence diseases in Chinese individuals with disabilities (Kang et al., 2016) . Because the obesity and hypertension rates have continued to increase over recent decades, more than 300 million Chinese live with some liver disease, including many disabled Chinese (Wu et al., 2018; Estes et al., 2018) . Moreover, hemorrhoids are an increasingly prevalent gastrointestinal disorder in China, contributing to reduced quality of life among those who are disabled (Abramowitz et al., 2019) . Understanding the epidemiology of fatty liver and hemorrhoids in individuals with disabilities is important to help guide resource planning for the healthcare system. In addition, we selected 3 key risk factors for chronic conditions: high blood glucose, overweight, and high blood lipids, all of which were frequently observed in disabled Chinese with significant disease burden (Zhang et al., 2018) .
Except disease history inquiry, hemorrhoids and fatty liver were diagnosed by the doctors of the rehabilitation centers through the digital rectal exam and abdominal ultrasound scan, respectively. As to overweight, we used the recommended guidelines for the Chinese population of a body mass index (BMI) of ≥24 kg/m 2 (Zhou, 2002) . High blood glucose was defined as a fasting blood glucose of ≥6.1 mmol/L (Chinese Diabetes Federation, 2014) . Using the 2016 Chinese Adults' Prevention and Treatment Guidelines for Dyslipidemia (Hu, 2017), we defined high blood lipids as total cholesterol levels of ≥5.2 mmol/L or triglyceride levels of ≥1.7 mmol/L.
Independent variable
The authors defined education level as elementary school education or below, or graduated from middle school, high school, college, or higher. The classification was based on China's educational system and in accordance with the International Standard Classification of Education (Smyth, 2008; Rong et al., 2017) .
Covariates
Demographic characteristics were regarded as a covariate in this study, including gender (male or female), age (25-29, 30-39, 40-49, 50-59 , and 60-69, ≥ 70 years), residence permit (whether they had a rural or urban residence permit), and marital status (never married, married, divorced, or widowed). Disability severity was also included as a covariate in this study, using the four-level classification system in China: level 1 indicates severe disability, level 2 moderately severe disability, level 3 moderate disability, and level 4 mild disability (Bao, 2007) .
Statistical analyses
SPSS Statistics 22
.0 was used to analyze all data. The percentage of each education level was calculated for all demographic, disability type, and disability severity groups. Descriptive statistics and Pearson's chi-squared test were conducted to determine differences in demographic and disability characteristics according to education level. We also compared the distributions of education level between all people without disability in Shanghai, people with disability in Shanghai, and the sample of people with disability in this study to ensure the representativeness of the sample. The data for the first two groups were from the China Statistical Yearbook 2015 (Chinese National Bureau of Statistics, 2015) and the Statistical Bulletin of China Disabled Career Development 2015 (China Disabled Persons' Federation, 2015) . Pearson's chi-squared test and Fisher's exact test were used to compare the prevalence of each health outcome across different education levels.
Logistic regression analysis was used to explore differences in health outcomes according to education level after adjusting for covariates. The correlation coefficient of the independent variable and covariates was <0.5, indicating no significant multicollinearity. Individuals with an elementary school education or below were considered as the reference group; odds ratios (ORs) and 95% confidence intervals (CIs) were estimated for the other three education groups. p-value <0.05 was regarded as statistically significant.
RESULTS
In 2014, 46,108 disabled individuals received health examinations. Of these, we selected the 45,611 individuals who were 25 years of age or older. After excluding those with missing data (n = 2,896), we were left with an analytical sample of 42,715 individuals with disabilities. Table 1 presents the descriptive statistics of demographics, disability types, and disability severity. The composition of education levels differed significantly across all demographics, disability types, and disability severity. For example, 52.6% of participants were male. However, among participants in the college or higher education group, 66.5% were male (p <0.001). Most participants (72.7%) were aged 50-69 years old, and their average age was 56.7 ±10.5 years. The majority of participants had an urban residence permit (79.1%). However, among participants with an elementary school education or below, only 60.9% had an urban residence permit. Almost all (98.4%) of the disabled adults with a college or higher degree had an urban residence permit. About half of the participants (50.2%) were physically disabled, followed by people with visual disabilities (23.8%). In terms of the severity of the disability, most participants were evaluated as level 4 or level 3, which accounted for 50.4% and 28.8% of the study sample, respectively. As for marital status, the majority of participants (81.6%) were married; only 11.8% of participants were unmarried; and, 6.6% were divorced or widowed. Figure 1 shows the distributions of education level among people in Shanghai without disability, people with disability, and the participants in our study. The distributions were similar between people with disabilities in Shanghai and our sample. Of the general population in Shanghai, most had a middle school degree (35.4%), followed by college or higher degree (27.1%), high school degree (20.8%), and elementary school education or below (16.7%). With regard to people with disabilities in Shanghai, the majority of participants (43.0%) had a middle school degree, followed by elementary school education or below (30.2%) and high school degree (20.8%); only 6.0% of participants had a college or higher degree. With respect to our sample, nearly half the participants (49.5%) had a middle school degree and 23.9% had an elementary school education or below. Only 4.4% of participants in this study received a college or higher degree. Table 2 displays the prevalence of each health outcome according to education level. Nearly half the participants were overweight (BMI ≥ 24; 49.3%), and 58.8% of the participants had high blood lipid levels. The prevalence of fatty liver was 40.6%, with the highest prevalence being found in the college education or higher group (42.5%). People with an elementary school education or below had the highest prevalence of overweight (52.1%) and high blood glucose (20.8%), but the lowest prevalence of hemorrhoids (18.6%) and fatty liver (38.9%). Individuals with a high school education had the highest prevalence of hemorrhoids (30.5%). Notes. Level 1 indicates the most severe disabilities. Levels 2 and 3 indicate moderately severe to moderate disabilities. Level 4 represents mild disabilities. a χ2 test was conducted to compare the demographic and disability characteristics of participants by different education levels.
As for disability type, people with visual disability had the highest prevalence of hemorrhoids (33.1%), fatty liver (42.2%), and high blood lipids (61.6%). Participants with mental disability had the highest prevalence of overweight (59.5%) and high blood glucose (22.2%), but the lowest prevalence of fatty liver (39.3%). Regarding disability severity, participants with severe disability (level 1) had the highest prevalence of fatty liver (41.7%) and high blood lipids (59.9%). People with moderately severe disability (level 2) had the highest prevalence of overweight (50.3%) and high blood glucose (21.1%), but the lowest prevalence of fatty liver (39.5%) and high blood lipids (57.9%). People with mild disability (level 4) had the highest prevalence of hemorrhoids (28.5%). Figure 2 shows the comparison of prevalence of each health outcome between people with and without disabilities. Compared with their peers without disabilities, the prevalence of all the studied health outcomes was higher among people with disabilities: overweight (without disabilities versus with disabilities), 42.1% versus 49.3%; hemorrhoids, 23.1% versus 26.0%; fatty liver, 29.8% versus 40.6%; high blood glucose, 9.7% versus 20.0% and high blood lipid, 41.0% versus 58.8% (Li & Wang, 2017; Zhao, Zhai & Hu, 2006; Zeng et al., 2016; Wang, Zhang & Guo, 2011; Zang et al., 2012; Zhou, 2014; Shang, Chen & Li, 2015; Han & Gao, 2013; Xiao, Peng & Ren, 2011; Zhang et al., 2012; Sun, 2010; Jia, Wang & Pan, 2006; Xu et al., 2014) . Table 3 presents the results of the regression analysis. After adjusting for all covariates, we found that the relation between education level and health differed according to the specific disease or risk factors. As to adults with speech and hearing, visual, and physical disabilities, those with a middle school education had significantly lower odds of being overweight than did those with an elementary school education or below (hearing/speaking aOR = 0.81, p < .01; visual aOR = 0.71, p < .001; physical aOR = 0.90, p < .01). Among people with visual and physical disabilities, those with a college education or higher had significantly lower odds of having high blood glucose (visual aOR = 0.68, p < .01; physical aOR = 0.73, p < .01) than did those with an elementary school education or below. In contrast, compared with the other educational levels, people with an elementary school education or below had significantly lower odds of hemorrhoids for hearing/speaking, visual, physical, and mental disabilities. Among people with visual disabilities, the odds of having fatty liver rose with education level (middle school aOR = 1.19, p < .001; high school aOR = 1.22, p < .001; college or higher aOR = 1.27, p < .05). Interestingly, education level was not significantly related to any health outcomes in adults with intellectual or multiple disabilities. 
DISCUSSION
Drawing on a unique dataset containing rich information, we provide detailed evidence of the association between education and health outcomes among adults with disability living in Shanghai, China, and compare health outcomes of adults with disabilities to those without disabilities. We found that the relationship of education level with health outcomes differed according to the health condition and disability type. As hypothesized, overweight and high blood glucose were more prevalent in lower educational groups of people with disability, which is in accordance with findings in people without disability (Hu et al., 2016) . Different mechanisms for the positive influence of education level on health have been proposed. For example, education might defend against disease by cultivating a more positive lifestyle, problem-solving abilities, and aspiring values (Winkleby, Fortmann & Barrett, 1990) . In addition, education helps to cultivate positive social and psychological abilities, and it insulates individuals against disadvantageous influences (Williams, 1990) .
However, contrary to our hypothesis, education was not always associated with better health in adults with disabilities. For example, the prevalence of hemorrhoids, fatty liver and high blood lipids were higher among individuals with disabilities who had a higher education level. This is in line with the findings of Leeves & Soyiri (2015) . One possible explanation for this finding is that more educated individuals have greater psychological needs and more life pursuits. To achieve these pursuits, they must devote greater time and energy, even at the expense of their health. Second, individuals with a higher education level tend to utilize computers and other electronic equipment more frequently and for longer periods of time, which results in less physical activity and a higher risk of vision loss, spinal disease, anxiety, and depression (Marmot et al., 1998; Li & Wang, 2017) . In Table 3 Results of logistic regressions of health outcomes with education level across disability types. BMI addition, in comparison with less-educated people, who primarily engage in manual labor, more-educated people might require greater strength and resilience to achieve greater job expertise. Currently, the government provides some protection for the personal safety and economic security of manual laborers. However, less attention and compensation is given to addressing the mental stress often experienced by more-educated people (Zhao & Hu, 2016) . Moreover, in developing countries, people with higher education levels tend to have higher incomes, making it easier for them to access unhealthy foods, tobacco, or alcohol, which are key risk factors for both hemorrhoids and fatty liver (Zhong, 2015) . For people with intellectual disabilities, the association between education and health outcomes was not significant. This finding differs from that of Landes (Landes, 2017) , who found that education was a predictor of health outcomes for adults with intellectual disability in the USA, and that increased education was associated with a lower mortality risk among adults with intellectual disability (Landes, 2017) . A major reason for the different findings is that the education system for people with intellectual disabilities differs extensively between China and the USA. In US, improvement in educational opportunities for people with intellectual disability began in the 1940s and has since increased the access of people with such disabilities to the public education system and higher-quality educational programs (Landes, 2017) . In China, educational support still cannot meet the demands of people with intellectual disability (Wu et al., 2010) . Currently, there are three main modes of education for people with intellectual disability in China: isolated special-education schools and classes, special classes at ordinary schools, and ordinary classes at ordinary schools. Data from the Second China National Disability Sample Survey revealed that only 5.5% of people with intellectual disability received a general education at ordinary schools, 1.5% were enrolled in special education classes at ordinary schools, and 3.4% were being educated in isolated special schools (Wu et al., 2010) . In addition, we chose specific health outcomes, whereas Landes focused on mortality (Landes, 2017) . We also selected different control variables, and included disability severity, which was not considered in Landes (Landes, 2017) . Finally, there are significant differences in health behaviors and health care services between the USA and China, particularly in relation to eating habits, sports activities, social inclusion, and health policy, all of which could have influenced the association between education and health outcomes in adults with disability as well (Eide & Showalter, 2011) .
Although the huge direct burden of disability has been made clear in previous studies (Loyalka et al., 2014) , the physical health status of individuals with disabilities also requires attention. Our results found that adults with disabilities in Shanghai had worse health outcomes than the general population without disabilities, which is in line with past findings (Xu, 2014) . Compared with adults without disabilities, adults with disabilities have restrictions on their daily activities and physical exercise that are imposed by these disabilities, which would influence their metabolism. The Shanghai government has invested resources in physical activities facilities for the general population, but these are not necessarily accessible by the disabled (Chen et al., 2018; Liu et al., 2017) . More equipment or venues can be added to accommodate disabled individuals in Shanghai. In addition, people with disabilities have greater unmet health and rehabilitation needs than their peers without disabilities and face more obstacles in accessing mainstream health care services (Tomlinson et al., 2009) .
Our results revealed that individuals with disabilities have less access to higher education. The first reason for this finding might be the traditional bias in China, which holds that admitting people with disabilities to college is a waste of resources, since they do not have the ability to accept postsecondary education (Wang, 2009) . Second, there are obvious limitations in the current higher education system for people with disabilities in China (Liu, Wu & Zou, 2016) . These include the small scale of the career paths and limited majors available and the lack of testing accommodations (Deng, Poon-Mcbrayer & Farnsworth, 2001; Tian & Wei, 2015) . Education is an important path for maximizing the developmental potential of each individual with disability. It can help empower their family and promote their contribution to society. To improve education among the disabled population, a first step might be helping parents, teachers, social workers, and the general public to understand the significance of proper nutrition, medical care, education, and safety for the optimal development of people with disabilities (Chen & Simeonsson, 1993) . Additionally, the systematic cultivation of special educators who can take on leadership roles in higher education institutions must be established. Moreover, enrollment rates in special education courses in normal universities should be increased, and relevant courses on special needs should be provided to students willing to work with people with disabilities (The State Council of the People's Republic of China, 2014) . To achieve these improvements, greater importance should be attached to special and inclusive education. For example, in 2014 the China National Special Education Promotion Plan was announced, which was intended to boost inclusive education, particularly by enhancing accessibility to it, strengthening education conditions, and raising the teaching and learning quality of children with special needs (The State Council of the People's Republic of China, 2014) .
Taken together, our findings indicate an urgent need to promote both the education and health of people with disabilities in China. Promoting the health of people with disabilities is a Healthy China 2030 goal (The Lancet, 2016) . Empirical research is required to explore the best educational approaches for people with disabilities, many of whom might not utilize traditional strategies such as radio public service announcements or television and printed materials. Teachers in the special education system and disability service providers should partner with health educators to make sure that they all have the essential information, support, and training to provide accessible services to individuals with disabilities.
LIMITATIONS AND IMPLICATIONS
This study has a few limitations. First, the cross-sectional data do not allow for causal inferences about the findings. In addition, although we identified a strong association between education level and different aspects of health outcomes among people with disabilities, the specific mechanisms of this association have not been explored extensively. Moreover, this was a registry-based study; some disabled people in China choose to remain unregistered, which might create a selection bias for certain groups with severe disabilities. However, our study still represents the disabled population in Shanghai because of the large sample size and real-world setting. Another limitation is that we likely have omitted some important related variables (e.g., social support, living environment, medical care accessibility) and information (e.g., medical devices). Despite these limitations, this is one of the first studies in China to examine education as a determinant of health among individuals with disabilities. While acknowledging the complex relation between education and health, future research should leverage our study to design effective interventions and prevention methods to improve the health outcomes of people with disability in China and other developing countries.
CONCLUSION
There may be a complex relationship between education and health, especially among adults with disabilities in China. The association between education and health outcomes differed according to the health condition and disability type. Compared with people without disabilities, adults with disabilities in Shanghai have relatively poor health. To reduce the prevalence rate of overweight and high blood glucose among people with disabilities, tailored health promotion initiatives must be developed for people with lower education levels. In contrast, specific attention should be paid to the prevention of hemorrhoids and fatty liver among more-educated people with disabilities. Recognition of the complexity of this association should be embedded in future prospective research and intervention programs to address health and education disparities in people with disabilities in China.
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